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ABSTRACT 
A study was made of the action of the 
enzyme rennin on !3-casein. Hydrolysis of 
(3-casein initially at a single sensitive 
bond under controlled conditions of temperature, 
pH and relative enzyme and substrate concentrations, 
formed the basis of the investigation. Information 
on the hydrolysis of this sensitive bond was 
gained from the isolation of a small peptide 
produced and from a study of the effect of 
several parameters on the rate of hydrolysis. 
Evidence obtained from electrophoresis and gel 
filtration allowed the assumption that attack on 
the sensitive bond resulted in a macropeptide and 
a small peptide of molecular weight about 2000. 
The small peptide was isolated and partially 
characterised. As a result it appears that the 
small peptide is derived from the C-terminal end 
of the /3-casein molecule. 
A polyacrylamide electrophoresis technique 
was used to study the effect of ionic strength 
and calcium ions on the rate of hydrolysis and 
the rate of appearance and disappearance of 
degradation products at 10°, 25° and 37°c . It 
was found that an increase in ionic strength 
retarded the reaction and the addition of 
calcium ions at a constant ionic strength 
further retarded the reaction. Also, the 
rate of appearance and disappear ance of 
degradation products was found to increase 
with increasing temperature . A development 
iii 
of the polyacrylamide technique into a 
quantitative one enabl e d the determination of 
the Michaelis constant at pH 6.50 and 37°c for 
the rennin hydrolysis of !3 -casein as 9.59 g/1 . 
This technique was also used to study the rate 
of hydrolysis at pH 6. 12, 6 . 50 and 6.94 where 
an optimum rate occurred at pH 6 , 50 . 
Finally, assuming that the small peptide 
is de rived from the C-te rminal end of the 
,a -casein molecule and allowing for the 
sequential degradation elucidated by the 
temperature studies, alternative courses of 
rennin degradation of the /3-casein molecule 
have been proposed. 
ACKNOWLEDGMENTS 
I am grateful to Dr B . L. Richards, my 
supervisor, Dr L . K. Creame r of the New Zealand 
Da iry Re s earch Institute for his continual 
guidance and Dr R . C. Lawrence of the New 
Zealand Dairy Research Institute f or he lpful 
discussions . 
I am inde bte d to the New Zealand Dairy 
Re s earch Ins titute for granting me a Fe llowship 
and for the use of their facilities and to the 
Plant Chemistry Division of D. S . I . R. for the 
u s e of the Joyce Chromoscan. 
iv . 
CONTENTS 
Abstract 
Acknowledgements 
I Introduction 
ii 
iv 
(a) General. 1 
(b) Caseins of bovine milk. 1 
{c) Rennin and its action in 
cheesemaking. 4 
(d) Rennin proteolysis of ;6-caae~n. 7 
(e) Present work. 12 
II Experimental 
(a) 
(b) 
(c) 
(d) 
~:~ 
(g) 
(h) 
(i) 
( j) 
(k) 
(1) 
Treatment of reagents including 
rennin and rennet. 
Preparation of /3-casein. 
Rennet standardisation. 
Polyacrylamide disc electro-
phoresis . 
Isolation of degradation products. 
Molecular weight de termination. 
Ultraviolet spe~tra of the 
peptide and /) -casein . 
~nino acid analysis. 
N-terminal amino acid 
determination. 
Kinetics of}?>-casein hydrolysis. 
Effect of temperature. 
Effect of pH, substrate 
concentration and ionic 
strength. 
III Results and Discussion 
14 
15 
18 
19 
21 
23 
24 
25 
25 
28 
29 
30 
Introduction 32 
Section I 
(a) Molecular weight of small peptide. 32 
(b) Isolation of the small peptide . 35 
(c) Ultraviolet spectra. 37 
(d) Amino acid analysis. 38 
(e) N-terminal amino acid analysis. 40 
(f) Summary. 42 
Section II 
(a) Quantitative disc electrophoresis. 44 
(b) Bffect of temperature . 46 
(c} Effect of pH . 48 
(d) Bffect of added cations . 50 
{e) The Michaelis constant . 52 
IV 
CONTENTS (contd.) 
Conclusions and Suggested Developments 
References 
Tables 
Page 
56 
61 
1. Composition of milk. 1 
2. Stock solutions for PAE. 19 
3. Working solutions for PAE. 20 
4. Kinetics experiments. 31 
5. Amino acid composition of small 
peptide. 39 
6. Half-life of degradation products. 47 
7. Typical set of results. 49 
Figures 
1. 
2. 
Between pages 
3. 
4. 
5. 
6. 
Mobilities of the caseins on PAB. 
Course of the rennin degradation 
of {>-casein. 
Elution pattern of ft-casein on 
DB.AB-cellulose. 
3-4 
3-4 
17-18 
19-20 
23-24 
7. 
8. 
9, 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17, . 
18. 
19. 
20. 
21. 
Disc PAE apparatus . 
1 Ninhydrin 1 analysis. 
Hydrolysate elution pattern on 
Sephadex G2 5. 
Variation of log X with time . 
Ultraviolet spectra of fs -casein . 
Ultraviolet spectrum of small 
peptide. 
Specificity of rennin. 
~-casein concentration standard 
curve. 
Typical densitometer trace. 
Positions of degradation products 
on gels. 
Sequential degradation of 
fi-casein, 10 C. 
Sequential degradation of 
(3 -casein, 2 5 C_. 
Sequential degradation of 
a-casein, 37 c .• 
Bff ect of pH_. 
Effect of cations. 
Effect of substrate concentration. 
Lineweaver~Burk plot. 
Possible modes of degradation of 
f' -casein. 
23-24 
33-34 
38-39 
38-39 
41-42 
45-46 
46-47 
41-42 
47-48 
47-48 
47-48 
48-49 
51-52 
53-54 
53-54 
56-57 
Plates 
1. 
2. 
3, 
4, 
CO,NTpNTS ,( s,ontd.) 
Refractive inde x gradient. 
Thin layer chromatography in 
•toluene ' system. 
Thin layer chromatography in 
second system. 
A set of polyacrylamide gels . 
Between pages 
24-25 
41-42 
41-42 
46-47 
